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Abstract

Health-related parameters are critical as indicators of development, and as a result, governments allocate a sizable portion 
of their budgets to the health sector. The most fundamental variable considered an indicator of health development is 
the infant mortality rate, which was used as the dependent variable in this study. The data utilized in the study were 
compiled from the TURKSTAT web page and the TR Ministry of Health's health annuals, with the year 2019 serving as 
the reference point for access to all data. In the study, econometric analyses were performed while keeping the notion of 
contiguity in mind to reveal the factors healthily affecting the infant mortality rate at the NUTS 3 level, which encompasses 
all provinces in the TURKSTAT regional categorization. The distribution of infant mortality rates by provinces in Turkey 
was analyzed in this context, and it was discovered that there was a high degree of clustering between provinces. This 
clustering structure indicated the presence of a spatial relationship between provinces, and it was from this point of view 
that spatial econometric analysis of health services in Turkey was conducted. Analyzes were carried out using STATA and 
GeoDa package programs.

The diagnostic tests revealed the presence of spatial autocorrelation, necessitating the employment of the spatial 
autoregressive model (SAR Model) to explain the relationship between the variables. As a result, it was concluded that 
both the variables included in the study and the infant mortality rate in nearby locations have an effect on the infant 
mortality rate for each province.
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1. INTRODUCTION

In the constitution of the World Health Organization, 
health is defined as "a state of complete physical, men-
tal and social well-being and not merely the absence of 
disease or infirmity" (WHO Constitution 07.04.1948). 
Numerous health-related parameters are utilized as 
development indicators in international statistics. He-
alth parameters, which are used to categorize count-
ries on a global scale, necessitate investment and de-
velopment in this field. The quality of health care is 
influenced by various factors, including education, 
economic conditions, and environmental conditions, 
and is shaped by these factors. 

The most important indicator of health development 
and public health determinants is the infant mortality 
rate. The infant mortality rate is defined as the number 
of deaths per 1000 live births in the same year (Turkish 
Statistical Institute, 2019). It is known that this indica-
tor explains the causes of infant mortality and other 
factors that may affect the health status of the entire 
population, such as economic development, living 
conditions, social welfare, disease rates, and quality of 
life (Gider and Guzel, 2018: 1659). The infant mortality 
rate is commonly used to compare the progress of the 
social health level of countries over time, the status of 
various regions within countries, and the change wit-
hin these regions through time, as well as to compare 
countries in terms of health levels (Hamzaoğlu, 2017: 
288). Factors such as advancements in the field of he-
alth, innovative treatment and follow-up procedures, 
the provision of health services, and access to these 
services all contribute to the increase and decrease in 
infant mortality rates. A high rate indicates the pre-
sence of unfavourable socio-economic indicators, such 
as insufficient preventative health care, a low level of 
education, unequal distribution of income, environ-
mental pollution, and noise (Barlas et al., 2014). 

The crude birth rate is one of the most fundamental 
variables associated with infant mortality. The crude 
birth rate refers to the number of live births per thou-
sand inhabitants (Turkish Statistical Institute, 2020). 
When both econometric studies that contain this vari-
able and studies in the field of direct public health are 
evaluated, it becomes clear that when the crude birth 
rate and total fertility rate increase, all mortality rates 
increase as well (Demirtas and Metintas, 2017:21).

In Turkey, health care delivery is organized in a th-
ree-stage system. Primary health care services inclu-
de preventative health care for the environment and 
society as a whole and outpatient diagnosis and tre-
atment provided by family health centres. Secondary 
health care services are a top-tier health care instituti-
on where outpatient and inpatient treatment services 
are provided by hospitals. Tertiary health services inc-
lude a wide range of health care providers, including 

private branch hospitals, educational hospitals, and 
university hospitals (Akman and Tarim, 2020:305). 
Among these, primary health care, health promotion, 
preventive health services, diagnosis, treatment, and 
rehabilitation are all provided in a coordinated man-
ner; individuals can easily access the service, and the 
service is effective and widely available at a low cost. 
(Aloglu and Tasliyan, 2016:4). It improves access to all 
preventive services, such as pregnancy monitoring in 
primary care, offering pregnant and infant immuni-
zation services and proper training, early detection of 
mortality risk, and reducing the incidence of adverse 
outcomes (Kurt at al., 2019:176). From this vantage po-
int, it is vital for every pregnant woman to have access 
to high-quality care and to track whether they bene-
fit from services provided to pregnant women in the 
field to reduce infant deaths.

Following pregnancy detection, it should be determi-
ned in advance where each pregnant woman will be 
monitored, where she will deliver, and where preg-
nant women in need of emergency obstetric care will 
be directed. At this point, data on hospital beds and 
newborn intensive care units, as well as statistics on 
the number of nurses and midwives, take on greater 
significance (Kalanlar, 2018:505). According to the 
World Health Organization (WHO), midwives are 
approved when admitted into an official midwifery 
training program in their country of residence, succes-
sfully complete the prescribed training program, and 
obtain the required professional credentials. Midwi-
ves are responsible for providing required care and 
counselling during pregnancy, labour, and delivery, 
perform normal delivery and provide newborn care 
and family planning counselling (ICM, 2017).

On the other hand, the literacy rate in the final model 
of the research refers to the ratio of individuals with 
literacy authority in the society to the entire popula-
tion. There are many studies in the literature that su-
ggest that literacy is associated with socioeconomic 
variables. Although the link between infant mortality 
and literacy is positive in the econometric literature, a 
negative relationship has been observed in the doma-
in of spatial econometrics. This situation emerges as 
a result of the provinces' sociocultural structure, whi-
ch exhibits a strong spatial econometric correlation 
between their locations. 

The variables in this study were analyzed with spatial 
econometric techniques, which incorporated the effect 
of location as a parameter in the model. With the loca-
tion effect included in the model, these variables are 
no longer evaluated in terms of all provinces as they 
are in classical econometric models but rather in terms 
of provinces with a substantial spatial association. 
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2. LITERATURE

In their study, Manavgat and Celik (2017) analyzed 
the possible determinants of health level with spatial 
panel data method, taking into account the externa-
lity of health services in the 2008-2014 period and at 
the level of 81 provinces. The analysis determined that 
the adoption of a spatial delayed fixed effects panel 
model was reasonable, and the model's findings es-
tablished the existence of a positive spatial effect on 
health levels between provinces. It has been determi-
ned that income level and social health insurance are 
significant determinants of health level, and that fa-
ctors such as education level, urbanization rate, and 
ease of access to health services improve health level. 
The analysis revealed no statistically significant rela-
tionship between the technology levels of the provin-
ces, the incentives for the health sector and the level 
of health.

Yetim at al. (2021) aimed to determine the socio-econo-
mic causes of infant mortality in Turkey in their study. 
In this context, statistics from 2014 to 2018 at the Nuts-
2 level were used. The data were analyzed using the 
panel regression approach. It was found that as the 
percentage of university degree women increases, the 
infant mortality rate decreases, and as fertility increa-
ses, the infant mortality rate increases.

In their study, Der and Yesilyurt (2020) estimated the 
social and economic factors affecting infant mortality 
with the panel fixed-effects model. Firstly, a panel 
data set covering the years 2009-2018 on infant morta-
lity at the provincial level was investigated. According 
to the findings, infant mortality increases as the illite-
rate female population and contrary to expectations, 
per capita income increases. For the 2014-2018 period, 
factors that lacked data at the province level were tes-
ted at the Nuts-2 region level. As income inequality 
increases, infant mortality increases; conversely, as the 
number of university-educated women and, again, 
contrary to predictions, the unemployment rate incre-
ase, infant mortality decreases. Finally, the reasons for 
the differences between countries in infant mortality 
were investigated for the 2011-2017 period and 56 de-
veloped and developing countries, and it was obser-
ved that infant mortality decreased as per capita nati-
onal income, female population with at least primary 
school degrees, and the proportion of the population 
with access to electricity increased.

While there are numerous studies in the Turkish lite-
rature that investigate health-related indicators using 
various econometric and statistical methods, studies 
that investigate the factors directly affecting infant 
mortality rates in a spatial econometric framework are 
rather limited. The spatial econometrics literature in 
Turkey has improved significantly over the last deca-
de, although it has not yet achieved the desired level. 

When it comes to health studies, econometric studies 
utilizing panel data sets are more prevalent. This 
study differs from its counterparts in that it employs 
cross-sectional data and contributes to the literature 
by investigating health-related indicators through 
spatial models.

3. RESEARCH

3.1. The Purpose of the Research

This research aims to investigate the health system in 
Turkey along the axis of the Infant Mortality Rate vari-
able, which is an indicator of health development. For 
this purpose, initially, the total number of enterprises, 
total exports, number of automobiles, etc. variables 
were taken as welfare indicators in the provinces, as 
indicators of social structure; literacy rate, GDP per ca-
pita, rural population ratio, etc. variables were taken, 
as health indicators; the total number of physicians, 
the total number of hospitals, the number of applica-
tions to primary health care services, the total number 
of midwives, etc. variables were taken. The correla-
tion matrix was used to investigate the relationships 
between these variables and the dependent variable; 
inappropriate variables were eliminated from the 
study, and the variables that would be employed were 
given their final shape.

In order to establish the variables to be used in the re-
search, a correlation matrix was generated using the 
STATA program. All spatial analyzes were performed 
with the GeoDa Package program. 

3.2. Research Methodology

Recently, spatial data models are frequently preferred 
in studies on health economics. With the assumption 
that the state of neighbouring locations has an effect 
on health-related indicators, spatial econometric te-
chniques were preferred in this study. The difference 
between spatial econometric techniques and classical 
econometric techniques is that they consider the loca-
tion effect resulting from the location of the data set 
(Anselin, 1988a:8). The location effect is incorporated 
into the models via a weight matrix acquired through 
several methods. If the units to be reviewed are to be 
investigated according to their relationship structure, 
socioeconomic weighting techniques may be selected; 
if they are to be investigated according to their geog-
raphical location, a matrix based on coherence may 
be preferred. In this study, one of the geographical 
weighting techniques, weighting based on coherence, 
was preferred. The term "contiguity-based weighting" 
refers to the process of establishing a link between 
spatial units depending on their location on a distin-
guishable map. (Gumprecht, 2007:6). 

The need for weighting techniques has arisen due to 
the existence of spatial effects. The effects observed 
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in the data set can be classified into two categories: 
spatial autocorrelation, which can be defined as the 
dependence between observations in the section data 
set, and spatial heterogeneity, which can be defined as 
the dependence between errors in the section data set. 
More precisely, spatial dependence emerges when the 
value of a variable at a certain location is determined 
not just by internal conditions but also by the value of 
the same variable at neighbouring locations (Frexedas 
and Vaya, 2005:154). Spatial heterogeneity refers to the 
fact that the functional form and parameters vary ac-
cording to the data set's locations and are not homoge-
neous. In contrast to spatial dependence, problems 
emerging from spatial heterogeneity are solved using 
classical econometric techniques (Anselin, 1988a:9).

The matrix exhibiting the relationship structure neces-
sary for determining the relevant effects is a positive 
matrix with dimensions W, NxN. This matrix has a 
binary value, with wij=1 indicating that the locations 
i and j are adjacent and wij=0 indicating that they are 
not. Diagonal elements of the matrix are wij=0 (Anselin 
et al., 2008:627). In practice, the transformed form of 
this matrix is frequently used to facilitate the calcula-
tion of spatial variables and their interpretation. The 
most common transformation is row standardization, 
and the row standardized neighbourhood matrix is 
called the spatial weight matrix (Viton, 2010:5).

When developing spatial econometric models, the 
standard approach begins with a non-spatial line-
ar regression model and then assesses if the model 
should be extended to include spatial effects. This ap-
proach is known as the specific-to-general approach 
(Elhorst, 2010:11). All models in the literature are pre-
sented in Figure 1.

The spatial autoregressive model (Fischer and Wang, 
2011:33) or another saying spatial lag model (Elhorst, 
2010:13), one of the most frequently used models in 
practice (SAR model) describes the spatial correlation 
in the dependent variable. This model specification is 

based on theoretical reasoning, such as emphasizing 
the neighbourhood effect or spatial externality that 
exists across spatial units and is evident in the depen-
dent variable. In this way, a meaningful interpretati-
on of the spatial autocorrelation can be made (Fischer 
and Wang, 2011:32).

However, the spatial error model (SEM model) desc-
ribes the spatial dependence in the error term. Spati-
al error dependence may occur as unobserved latent 
variables are spatially correlated. In addition, this de-
pendency can also arise if the variables collected for 
analysis do not accurately reflect the neighbourhood 
structure. Such a spatial autocorrelation structure is 
considered unrealistic (Fischer and Wang, 2011:33).

Although these two models are the most frequently 
used in practice, the other spatial models in Figure 1 
are used in the general-to-specific approach, where 
constraints are applied to the Manski model, and the 
OLS model is approached, or in the specific-to-general 
approach, where diagnostic tests are used to determi-
ne the presence of effects in the OLS model and the 
Manski model is approached.

3.3. Findings of the Research

Figure 2 illustrates a map of the infant mortality rate's 
spatial distribution by province. This map provides a 
priori information on whether the data have a spatial 
effect or not. The spatial distribution map enables us 
to determine whether the infant mortality rate distri-
bution is random or not, in other words, the variable's 
spatial dependence on provinces.

 
Source:Elhorst, 2010: 13 
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Figure 2:Spatial Distribution Map of Infant Mortality Rate 

Figure 1. Cross-Section Spatial Regression Models

Source: Elhorst, 2010: 13
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When the spatial distribution map of the infant mor-
tality rate is examined, it is clear that the data distri-
bution is not random but rather follows a systematic 
pattern between provinces. The dark-coloured units 
indicate the provinces with the highest infant morta-
lity rates.

The distribution map shows the distribution of all 
data between the relevant locations. The LISA statisti-
cs stated previously can be used to determine whether 
this distribution is significant in certain regions and 
not in others. In this context, the LISA map obtained 
for the migration variable is as follows:

There is no significant location-based correlation 
between the uncoloured provinces and infant morta-
lity rates on the LISA map. The red areas indicate pro-
vinces that are the first region in the Moran I scatter 
plot and fall within the area with a high-high correla-
tion, indicating spatial clustering. The high-high cor-
relation indicates that while the infant mortality rate is 
high in these regions, it is also high in their neighbours. 
The blue areas indicate provinces, the third region in 
the Moran I scatter plot, suggesting spatial clustering 
and falling into the area where the correlation is obser-
ved low-low. The low-low relationship indicates that 
while the emigration in these regions is low, it is also 
low in their neighbours. The dark blue areas indicate 

the provinces, which are the second region in the Mo-
ran I scatter plot and fall within the region where the 
relationship is observed to be low-high, indicating the 
extreme spatial value. The low-high correlation indi-
cates that while the infant mortality rate is low in these 
regions, it is high in their neighbours.

Considering all this information, the summary of sig-
nificant correlations in the LISA map is as follows:

Correlations between 27 provinces were found to be 
statistically significant in total. When the provinces 
with a significant correlation are examined, a signi-
ficant distribution is observed, particularly along the 
northwest-southeast line. While this visual tool allows 
for a preliminary inference about the existence of the 
relationship, it is necessary to confirm the existence of 
the relationship with diagnostic tools, if available. For 
this purpose, Moran I scatter plot is examined first.

The Moran I scatter plot is a diagnostic tool used to ge-
ometrically show the structure of the spatial relations-
hip with the help of Moran I statistics. In this graph, 
the slope of the regression accuracy gives Moran I sta-
tistics. If observations fall into zone 2 and 4, Moran I is 
negative, the spatial end value is involved, and spati-
al heterogeneity is mentioned. If the observations fall 
into zone 1 and 3, Moran I will be positive, there is 

Figure 2. Spatial Distribution Map of Infant Mortality Rate

 
When the spatial distribution map of the infant mortality rate is examined, it is clear that 

the data distribution is not random but rather follows a systematic pattern between provinces. 
The dark-coloured units indicate the provinces with the highest infant mortality rates. 

The distribution map shows the distribution of all data between the relevant locations. 
The LISA statistics stated previously can be used to determine whether this distribution is 
significant in certain regions and not in others. In this context, the LISA map obtained for the 
migration variable is as follows: 

There is no significant location-based correlation between the uncoloured provinces and 
infant mortality rates on the LISA map. The red areas indicate provinces that are the first region 
in the Moran I scatter plot and fall within the area with a high-high correlation, indicating spatial 
clustering. The high-high correlation indicates that while the infant mortality rate is high in 
these regions, it is also high in their neighbours. The blue areas indicate provinces, the third 
region in the Moran I scatter plot, suggesting spatial clustering and falling into the area where 
the correlation is observed low-low. The low-low relationship indicates that while the 
emigration in these regions is low, it is also low in their neighbours. The dark blue areas indicate 
the provinces, which are the second region in the Moran I scatter plot and fall within the region 
where the relationship is observed to be low-high, indicating the extreme spatial value. The 
low-high correlation indicates that while the infant mortality rate is low in these regions, it is 
high in their neighbours. 

Considering all this information, the summary of significant correlations in the LISA 
map is as follows: 

 
 

Table 1:LISA Map Summary Table 

 
When the spatial distribution map of the infant mortality rate is examined, it is clear that 

the data distribution is not random but rather follows a systematic pattern between provinces. 
The dark-coloured units indicate the provinces with the highest infant mortality rates. 

The distribution map shows the distribution of all data between the relevant locations. 
The LISA statistics stated previously can be used to determine whether this distribution is 
significant in certain regions and not in others. In this context, the LISA map obtained for the 
migration variable is as follows: 

There is no significant location-based correlation between the uncoloured provinces and 
infant mortality rates on the LISA map. The red areas indicate provinces that are the first region 
in the Moran I scatter plot and fall within the area with a high-high correlation, indicating spatial 
clustering. The high-high correlation indicates that while the infant mortality rate is high in 
these regions, it is also high in their neighbours. The blue areas indicate provinces, the third 
region in the Moran I scatter plot, suggesting spatial clustering and falling into the area where 
the correlation is observed low-low. The low-low relationship indicates that while the 
emigration in these regions is low, it is also low in their neighbours. The dark blue areas indicate 
the provinces, which are the second region in the Moran I scatter plot and fall within the region 
where the relationship is observed to be low-high, indicating the extreme spatial value. The 
low-high correlation indicates that while the infant mortality rate is low in these regions, it is 
high in their neighbours. 

Considering all this information, the summary of significant correlations in the LISA 
map is as follows: 

 
 

Table 1:LISA Map Summary Table 

Figure 3. LISA Map of Infant Mortality Rate
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Osmaniye, Kilis, Gaziantep, Adıyaman, 
Şanlıurfa, Mardin, Aksaray, 

Kahramanmaraş, Ağrı Batman, Şırnak, 
Siirt, Bitlis, Van 

Diyarbakır 

Eskisehir, Bolu, Düzce,  
Kocaeli, Sakarya, Bilecik, 

Çankırı, Kastamonu, Bursa,  
Zonguldak, Karabuk, Bartın,  

Correlations between 27 provinces were found to be statistically significant in total. 
When the provinces with a significant correlation are examined, a significant distribution is 
observed, particularly along the northwest-southeast line. While this visual tool allows for a 
preliminary inference about the existence of the relationship, it is necessary to confirm the 
existence of the relationship with diagnostic tools, if available. For this purpose, Moran I scatter 
plot is examined first. 

The Moran I scatter plot is a diagnostic tool used to geometrically show the structure of 
the spatial relationship with the help of Moran I statistics. In this graph, the slope of the 
regression accuracy gives Moran I statistics. If observations fall into zone 2 and 4, Moran I is 
negative, the spatial end value is involved, and spatial heterogeneity is mentioned. If the 
observations fall into zone 1 and 3, Moran I will be positive, there is spatial clustering. If the 
distribution of observations is random, Moran I is zero. 

Figure 4:Moran I Scatter Plot 

 
In this study, the Moran I statistical value was obtained as 0.525. The distribution of 

values within regions 1 and 4 and the positive Moran I statistics indicate geometrically that the 
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Figure 5:Significance Test of Moran I Statistics 

Table 1. LISA Map Summary Table
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spatial clustering. If the distribution of observations is 
random, Moran I is zero.

Figure 4. Moran I Scatter Plot
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Variable Coefficient Probability 
Constant 4.42660 0.01485  
LNCBR 0.80888 0.00000  
LNPCA -0.30635 0.00721  

LNMWV -0.31302 0.00512  
LNLIT 2.80035  0.04977  

R-squared : 0.796861 
Adjusted R-squared : 0.770380 

Prob(F-statistic) : 0.000000 

The crude birth rate, the number of primary care applicants, the number of midwives, 
and the literacy rate were all identified as significant variables as a result of Least Square 
forecast.  

3.3.2. Diagnostic Test Results 
In order to determine the effect of the observed spatial structure, diagnostic tests were 

conducted using the residuals of the model. The test results of the application are summarized 
in the table below: 

Table 3:Diagnostic Test Results 
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H0: There is no spatial autocorrelation 
HA: There is spatial autocorrelation 
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autocorrelation in question. The value of Moran I statistics is investigated to determine the 
direction of autocorrect. In the analysis, this value was obtained as 0.5253. A positive value 
indicates the presence of a positive autocorrelation. Therefore, migration between provinces 
has a positive spatial structure. 

3.3.1. Ordinary Least Square Forecast Results 
Diagnostic tests to determine the spatial model that accurately reflects the relationship 

structure are based on LS residues. For this reason, firstly, the classical LS model was 
forecasted: 
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LNCBR 0.80888 0.00000  
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LNMWV -0.31302 0.00512  
LNLIT 2.80035  0.04977  

R-squared : 0.796861 
Adjusted R-squared : 0.770380 

Prob(F-statistic) : 0.000000 

The crude birth rate, the number of primary care applicants, the number of midwives, 
and the literacy rate were all identified as significant variables as a result of Least Square 
forecast.  

3.3.2. Diagnostic Test Results 
In order to determine the effect of the observed spatial structure, diagnostic tests were 

conducted using the residuals of the model. The test results of the application are summarized 
in the table below: 

Table 3:Diagnostic Test Results 

Table 2. Ordinary Least Square Prediction

Test Coefficient Probability 
Moran I(error) 2.6050 0.00919 

LM 4.4837 0.10626 
LM 4.4716  0.03446 

Robust LM 0.6442 0.42219 
LM 3.8395 0.05006 

Robust LM 0.0121 0.91251 

Among the tests used to decide on the appropriate dependence structure, LM  spatial 
autocorrelation (SAR Model Test), LM spatial heterogeneity (SEM Model Test), and the most 
general form of these two tests, LM (SAC Model Test) is used to test whether both dependence 
coexist. First of all, the test expressed with LM and hypotheses shown in the figure below is 
applied. 

H0:  =  = 0 

HA:     0 

According to the test results, the H0 hypothesis is accepted at the 95% confidence level. 
In other words, it is not appropriate to use the model that includes both effects at the same time. 
In this case, the effects should be tested individually. The hypotheses of the test expressed by 
LM, which tests spatial autocorrelation, are expressed as follows. 

H0:  = 0 

HA:   0 

When the LM results are examined, it is concluded that the classical regression 
assumption with a 5% margin of error is not valid; therefore, that there is a spatial 
autoregression effect. The hypotheses of the test expressed by the LM test for spatial 
heterogeneity are shown as follows. 

H0:  = 0 

HA:   0 

When the LM results are examined at the 95 % confidence level, it is determined that 
the classical regression assumption is valid and that no spatial heterogeneity exists. Robust 
statistics do not need to be evaluated since one of the effects is significant and the other is not. 
In light of these findings, it is clear that spatial heterogeneity does not exist in the presence of 
spatial autocorrelation.  

3.3.3. SAR Model 
When the diagnostic test results with LS residues are analyzed, it is determined that the 

SAR Model is the most appropriate spatial model (Spatial Autoregressive Model). From spatial 
econometric neighbourhood definitions, the spatial weight matrixwere created based on rook 
neighbourhood and used when establishing the model in accordance with SAR model 
specification. The forecasted SAR model is as follows: 

Table 4:SAR Model Results 
Variable Coefficient Probability 

W_IMR(  ) 0.29833 0.02525  
Constant 3.70921  0.04227  
LNCBR 0.61405  0.00002  
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Table 4. SAR Model Results

Test Coefficient Probability 
Moran I(error) 2.6050 0.00919 

LM 4.4837 0.10626 
LM 4.4716  0.03446 

Robust LM 0.6442 0.42219 
LM 3.8395 0.05006 

Robust LM 0.0121 0.91251 

Among the tests used to decide on the appropriate dependence structure, LM  spatial 
autocorrelation (SAR Model Test), LM spatial heterogeneity (SEM Model Test), and the most 
general form of these two tests, LM (SAC Model Test) is used to test whether both dependence 
coexist. First of all, the test expressed with LM and hypotheses shown in the figure below is 
applied. 

H0:  =  = 0 

HA:     0 

According to the test results, the H0 hypothesis is accepted at the 95% confidence level. 
In other words, it is not appropriate to use the model that includes both effects at the same time. 
In this case, the effects should be tested individually. The hypotheses of the test expressed by 
LM, which tests spatial autocorrelation, are expressed as follows. 

H0:  = 0 

HA:   0 

When the LM results are examined, it is concluded that the classical regression 
assumption with a 5% margin of error is not valid; therefore, that there is a spatial 
autoregression effect. The hypotheses of the test expressed by the LM test for spatial 
heterogeneity are shown as follows. 

H0:  = 0 

HA:   0 

When the LM results are examined at the 95 % confidence level, it is determined that 
the classical regression assumption is valid and that no spatial heterogeneity exists. Robust 
statistics do not need to be evaluated since one of the effects is significant and the other is not. 
In light of these findings, it is clear that spatial heterogeneity does not exist in the presence of 
spatial autocorrelation.  

3.3.3. SAR Model 
When the diagnostic test results with LS residues are analyzed, it is determined that the 

SAR Model is the most appropriate spatial model (Spatial Autoregressive Model). From spatial 
econometric neighbourhood definitions, the spatial weight matrixwere created based on rook 
neighbourhood and used when establishing the model in accordance with SAR model 
specification. The forecasted SAR model is as follows: 

Table 4:SAR Model Results 
Variable Coefficient Probability 

W_IMR(  ) 0.29833 0.02525  
Constant 3.70921  0.04227  
LNCBR 0.61405  0.00002  
LNPCA -0.23848 0.01952  

LNMWV -0.24342 0.01217  
LNLIT 2.28596  0.04186  

             R-squared  :              0.83264 

When the model results are examined in the table 4, it is seen that all variables are 
statistically significant at the 95% confidence level. The coefficient of determination (R2)is 
0.83. It is observed that the , which is the indicator of spatial dependence, is also significant 
at the 95% confidence level. The fact that the spatial regression term  is positive indicates that 
the infant mortality rate trend in one area will be similar to the trend in its neighbours. As a 
result, all of these variables, as well as the infant mortality rate in neighbouring provinces, have 
an effect on the infant mortality rate in each province. 

There are the positive relationship between the crude birth rate (CBR) and infant 
mortality rate (IMR) in provinces.  Studies in the literature seem to support this result. 

When the relationship between the number of primary care applicants (PCA) and infant 
mortality rate is examined in terms of provinces, it appears that there is an inverse relationship 
between these two variables. As mentioned previously, the content of primary health services 
is critical for a healthy pregnancy and its aftermath. When considered in this context and sample 
studies from the literature are analyzed, the findings are consistent with expectations. 

As an important result for the development of health, a negative relationship has also 
been found between the number of midwives (MWV) in the provinces and the infant mortality 
rate. When job descriptions and competencies of midwives are considered, midwives play 
critical functions such as monitoring the pregnancy process and assisting pregnant women who 
require special care. Again, when the literature is reviewed, it is discovered that there is a 
relationship between the infant mortality rate and the midwife number variables. 

Finally, as an interesting result it is seen that there is a positive relationship between the 
literacy rate (LIT) in the provinces and the infant mortality rate. Although a logically inverse 
relationship is expected in this case, it should be noted that the research uses spatial econometric 
techniques and that comments should be made using the provinces listed in Table 1. The 
dependent variable, as explained in the induction section, shows the death rate per thousand 
live births in a year. In this context, it is worth noting that the literate individual ratio has an 
indirect effect on the dependent variable, rather than a direct effect. When the relationship of 
all variables with the dependent variable is analyzed through the map, the following relationship 
is obtained between the provinces. 

Figure 6: Significance Map of SAR Model 
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(SAR Model Test), LMl spatial heterogeneity (SEM 
Model Test), and the most general form of these two 
tests, LMρl (SAC Model Test) is used to test whether 
both dependence coexist. First of all, the test expres-
sed with LMρl and hypotheses shown in the figure 
below is applied.

H0: ρ = l = 0

HA:ρ = l =  0

According to the test results, the H0 hypothesis is ac-
cepted at the 95% confidence level. In other words, it 
is not appropriate to use the model that includes both 
effects at the same time. In this case, the effects should 
be tested individually. The hypotheses of the test exp-
ressed by LMρ, which tests spatial autocorrelation, are 
expressed as follows.

H0: ρ = 0

HA: ρ = 0

When the LMρ results are examined, it is concluded 
that the classical regression assumption with a 5% 
margin of error is not valid; therefore, that there is a 
spatial autoregression effect. The hypotheses of the 
test expressed by the LMl test for spatial heterogene-
ity are shown as follows.

H0: l = 0

HA: l = 0

When the LMl results are examined at the 95 % confi-
dence level, it is determined that the classical regressi-
on assumption is valid and that no spatial heterogene-
ity exists. Robust statistics do not need to be evaluated 
since one of the effects is significant and the other is 
not. In light of these findings, it is clear that spatial 
heterogeneity does not exist in the presence of spatial 
autocorrelation. 

3.3.3. SAR Model

When the diagnostic test results with LS residues are 
analyzed, it is determined that the SAR Model is the 
most appropriate spatial model (Spatial Autoregressi-

ve Model). From spatial econometric neighbourhood 
definitions, the spatial weight matrix were created ba-
sed on rook neighbourhood and used when establis-
hing the model in accordance with SAR model specifi-
cation. The forecasted SAR model is as follows:

When the model results are examined in the table 4, 
it is seen that all variables are statistically significant 
at the 95% confidence level. The coefficient of deter-
mination (R2)is 0.83. It is observed that the ρ, which is 
the indicator of spatial dependence, is also significant 
at the 95% confidence level. The fact that the spatial 
regression term ρ is positive indicates that the infant 
mortality rate trend in one area will be similar to the 
trend in its neighbours. As a result, all of these variab-
les, as well as the infant mortality rate in neighbouring 
provinces, have an effect on the infant mortality rate in 
each province.

There are the positive relationship between the cru-
de birth rate (CBR) and infant mortality rate (IMR) in 
provinces.  Studies in the literature seem to support 
this result.

When the relationship between the number of primary 
care applicants (PCA) and infant mortality rate is exa-
mined in terms of provinces, it appears that there is an 
inverse relationship between these two variables. As 
mentioned previously, the content of primary health 
services is critical for a healthy pregnancy and its af-
termath. When considered in this context and sample 
studies from the literature are analyzed, the findings 
are consistent with expectations.

As an important result for the development of health, 
a negative relationship has also been found betwe-
en the number of midwives (MWV) in the provinces 
and the infant mortality rate. When job descriptions 
and competencies of midwives are considered, mi-
dwives play critical functions such as monitoring the 
pregnancy process and assisting pregnant women 
who require special care. Again, when the literature 
is reviewed, it is discovered that there is a relations-
hip between the infant mortality rate and the midwife 
number variables.
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Finally, as an interesting result it is seen that there is a 
positive relationship between the literacy rate (LIT) in 
the provinces and the infant mortality rate. Although 
a logically inverse relationship is expected in this case, 
it should be noted that the research uses spatial econo-
metric techniques and that comments should be made 
using the provinces listed in Table 1. The dependent 
variable, as explained in the induction section, shows 
the death rate per thousand live births in a year. In this 
context, it is worth noting that the literate individual 
ratio has an indirect effect on the dependent variable, 
rather than a direct effect. When the relationship of all 
variables with the dependent variable is analyzed th-
rough the map, the following relationship is obtained 
between the provinces.

4. CONCLUSION

The importance of health indicators, the high number 
of deaths, and the fact that infant and child deaths 
may be prevented through low-cost interventions to 
improve infant/child health and eradicate infant mor-
tality have raised it to one of the most important de-
velopment summit issues. Significant advancements 
have been accomplished throughout the years in pa-
rallel with changes in our country's health indicators 
on a global scale. 

The causes affecting infant mortality in Turkey were 
analyzed at the NUTS-3 level in this study, the type 
of spatial effect in the data set was attempted to be de-
termined, and a spatial model suitable for this effect 
was proposed. When the final model findings were 
reviewed, it was observed that the spatial regression 
parameter, ρ, was significant and positive. This indi-
cates that the infant mortality rate for each location is 
influenced by both the model's variables and the in-
fant mortality rate in neighbouring locations. To put it 
another way, when a location has a high or low infant 
mortality rate, the infant mortality rate in neighbou-
ring regions is also high or low. The variables found 
in the final model are compatible with the studies in 
the literature.

The most authentic conclusion that can be drawn from 
this study in terms of technique is related to the way 
health-related parameters are handled. When the lite-
rature is examined, it is seen that when these parame-

ters are considered with panel data models or spatial 
panel models, they are also associated with socio-eco-
nomic variables. When the same variables are consi-
dered with cross-sectional data models, they show a 
stricter attitude about dating related to health-related 
variables. This is related to the development of soci-
oeconomic factors and the requirement for these pa-
rameters to have an effect on health-related variables 
throughout time.

When the findings are evaluated, policymakers should 
pay close attention to the number of staff participating 
in the delivery of health services and maintain the ide-
al amount of personnel with field-specific skills for the 
society in order to reduce infant mortality and increa-
se health development. Furthermore, the content and 
purpose of primary health care should be presented 
to all segments of society, as well as the critical na-
ture of receiving these services, particularly in terms 
of pregnant health. Pre-pregnancy counselling within 
primary health care services contributes significant-
ly to the advancement of public health by increasing 
fertility awareness and pregnancy planning culture, 
preparing parents for a healthy pregnancy, early de-
tection and treatment, and protecting maternal and 
fatal health. Similarly, decreasing the crude birth rate 
as a result of health-conscious individuals will direct-
ly result in a decrease in infant mortality, which will 
lead to an improvement in a variety of health-related 
development indicators.
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